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ACTIVITY RECORDING DEVICE 



The invention relates to a portable device, and method, for the simultaneous 
recording of user activity and user assessment of any subjective perception. 

The measurement of physical activity may have many applications. Physical 
activities, spontaneously undertaken, will be partially determined by ability to 
exercise, and may therefore be a useful and objective measure of disability. It 
may also have use in the surveillance of recommended exercise regimes and the 
physical activity demanded by different occupations. It may also be useful as 
a measure of activity in people who are incompetent to answer questions, such 
as young children or adults with dementia. Adherence to sports training 
regimes and the quantification of energy used to complete tasks undertaken in 
a natural environment may also be assessed by monitoring physical activity. 

In addition to the above the invention finds application in any condition which 
produces a chronic disability. In this category one would include virtually all 
neuromuscular conditions, ageing, restriction of activity by angina, restriction 
by breathing problems such as bronchitis, restriction by anaemia, pain from 
other causes, peripheral vascular disease and restriction of activity by mood as 
in depression. 

In the following description of the invention the invention is described having 
regard to the subjective perception of pain or discomfort. However, it is to be 
understood that the application is not to be limited in this way, rather the 
application is intended to cover any subjective perception which may be of 
clinical and/or surveillance value in determining the well-being of an individual. 
For example, the subjective perception of stiffness, tremor, comfort, 
contentment, thirst, noise levels or indeed any other subjective perception is 
intended to be included in the scope of this application. 
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In addition, in the following description of the invention the invention is 
described having regard to an event recording means. This event recording 
means can be used to record any event such as a fall or even a niore subjective 
event such as an attack of angina. However, it is not intended that the 
5 application should be limited to either of the foregoing examples. Rather, the 
event recording means can be used to record any event which may be used to 
assess user activity. 

It is envisaged that the invention will find particular application in a number of 
situations where monitoring of the activity and/or pain of the user is required. 

10 For example, it is predicted that the invention will find utility in monitoring the 
improvement or deterioration in the symptoms of a medical patient in response 
to nursing and/or drug therapies, particularly, in respect of chronic 
neurodegenerative diseases such as Parkinson's Disease, and in respect of other 
degenerative diseases such as Rheumatoid Arthritis. It is predicted that the 

15 information obtained from monitoring using the invention will enable the 
effectiveness of a given therapy and/or nursing regime to be determined more 
accurately and inexpensively, and accordingly optimised more quickly. 

In addition, it is predicted that the invention will fmd utility in testing the 
toxicology, potency and efficacy of drug therapies, enabling pharmaceutical 
20 companies to develop drugs more rapidly, inexpensively and effectively than 
they are able to do currently. 

Specifically, for example, it is envisaged that the invention will find application 
in monitoring the response of patients suffering from Rheumatoid Arthritis to 
drug therapies, particulariy to Non-Steroidal Anti -Inflammatory Drugs 
25 (NSAIDs). 
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General Background 



Accurately monitoring the response of patients suffering diseases, particularly 
chronic neuro-degenerative diseases, such as Parkinson's Disease and 
Alzheimer's Disease, and/or also chronic anhritic diseases such as Osteoarthritis, 
and Rheumatoid Arthritis, is vital to enable the clinician to assess the 
effectiveness of a particular drug or nursing therapy. Such accurate information 
allows the clinician to either use or discard a drug on intervention or treatment 
as necessary, in response to the patient's symptoms. 



Funhermore, pharmaceutical companies require accurate data when developing 
novel drug therapies. This is the case particularly when information on the 
effects of the drug on the human body is required. Before being sold to the 
general public, all novel drug therapies must undergo trials on human 
volunteers. Such human trials are necessary in order to assess the efficacy, 
potency, and most importantly the toxicological effects of the drug. The 
provision of data following human clinical trials of drugs is often the final 
hurdle in a long term development programme, and is the culmination of vast 
amounts of research effort and expenditure. Failure at this last, and most 
important stage, often means that the years of research and development are 
wasted. 



Furthermore, conducting human trials requires many volunteers for the trials to 
be statistically reliable, which of course they must be if the results of the trial 
are to be acceptable to the Drug Authorities. It is a fact that these trials 
themselves demand great expense and organisation and it is therefore vital that 
accurate information is obtained. 



25 The consequences of releasing a drug for sale to the general public which has 
not been effectively screened, and later proves to have serious side effects on 
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the patient, are immense. For example, the drug Thalidomide developed to 
reduce morning sickness in pregnant women, was later found to cause serious 
birth defects in some cases, and has resuhed in multi-million pound claims for 
compensation from victims. This case emphasises the importance of obtaining 
accurate information from human trials. 

Obtaining accurate data on the effects of drug therapies, whether in clinical 
therapy or pharmaceutical drug development, may require information gathered 
over long time periods to enable statistically significant information to be 
obtained. Furthermore, the occurrence of undesirable side-effects may not 
appear for some considerable time and the manifestation of these side effects 
may be slow to develop, but detectable during reliable chronic assessment. 

Many diseases, especially the chronic neuro-degenerative type diseases, such as 
Parkinson's Disease and Alzheimer's Disease, and chronic arthritic diseases such 
as Osteoarthritis and Rheumatoid Arthritis, are particulariy difficult to monitor 
and obtain accurate information on levels of discomfort and pain. This is 
because the symptoms vary depending on a large number of factors, such as, 
activity, time of day, the patient's state of mind, ambient temperature etc. 

For example, consider Rheumatoid Arthritis. Rheumatoid Arthritis is a complex 
and frustrating disease. The pathological process of Rheumatoid Arthritis is 
composed of acute inflammation, chronic immunological phenomena, and 
chronic connective tissue degradation. To further complicate the picture, a 
variety of incomplete forms of Rheumatoid Arthritis exist. The degree of pain 
and discomfort endured by sufferers of Rheumatoid Arthritis depends on a 
number of external factors, such as, type of activity undertaken, degree of 
exertion, time of day, ambient temperattire. Statistics indicate that the incidence 
of clinical symptoms is higher in cold damp areas. 
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The techniques used to monitor degenerative diseases and the effect of a 
particular therapy, have typically fallen into two categories: 

1. A clinician/researcher conducting an interview with and/or examination 
of the patient/volunteer. 

5 2. A diary maintained by the patient/volunteer in which the 
patient/ volunteer records the symptoms at a particular instant in time. 

The Ritchie Index is an example of the former. It is a method used by 
clinicians to monitor and gather data on the symptoms of patients suffering from 
Rheumatoid Arthritis. In particular, this method has found application in 
10 monitoring the effects of Non-Steroidal Anti-Inflammatory Dmgs (NS AIDs) on 
the symptoms of Rheumatoid Arthritis. The method has found favour amongst 
Rheumatoiogists due to its simplicity and quickness. This method has been 
recognised by the Standing Committee on Intemational Clinical Studies. 

The principle of the method is based on joint tenderness, and involves a 
15 Rheumatoiogist applying digital pressure to key joint margins. Joint tenderness 
is considered by many Rheumatoiogists to be the most reliable clinical 
parameter of joint inflammation and hence the most accurate at reflecting the 
severity of the underlying inflammatory process involved in Rheumatoid 
Arthritis. 

20 With the Ritchie Index, joint tenderness is tested for in each of the following 
joints: 



Temporomandibular Joint, Cervical Spine, Sternoclavicular, 
Acromioclavicular, Shoulders, Elbows, Wrists, Metacarpophalgeal, 
Proximal Interphalangeal, Hips, Knees, Ankles, Talocalcaneal, 
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Midtarsals, Metatarsals. 



With the Ritchie Index the degree of joint tenderness is graded as follows: 



Grade 0 


The patient has no tenderness 


Grade 1 


The patient complained of pain 


Grade 2 


The patient complained of pain and winced 


Grade 3 


The patient complained of pain, winced, and 
withdrew 



The individual scores for each joint are summated to provided a score range 
from 0 to 78. 



However, the degree of joint tenderness is considerably influenced by the 
10 amount of pressure applied by the examiner, and therefore an accurate 
comparison of data is not possible unless the tests are performed by the same 
examiner. 

A further example of the category 1 type of monitoring technique, is called the 
Health Assessment Questiotmaire (HAQ). It was developed as a 
15 "multidimensional paradigm" designed to probe dimensions of discomfort and 
disability caused by Rheumatoid Arthritis. It can be used to assess changes in 
disease activity over several months, or to monitor the effectiveness of a 
particular therapy. 

The HAQ measures physical disability in eight component categories: dressing 
20 and grooming, arising, eating, walking, hygiene, reach, grip and outside activity. 

Each category contains one or more questions, and the patient's responses are 
recorded on a 4-point adjectival scale, i.e. could they do the task asked by the 
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HAQ; 

without any difficulty 
with some difficulty 
with much difficulty 
unable to do so 

It will be apparent that where an individual responds to a questionnaire and is 
able to undertake some task either without any difficulty or, alternatively, is 
completely unable to undertake a certain task then the individual is off the scale. 
The questionnaire is therefore limited in this respect. This is in complete 
contrast to the invention of this application because the invention can be used 
to monitor, in respect of activity, either complete inactivity, typically 
characterised by bed rest, or alternatively, extreme exertion such as running, 
climbing or the like. 

An example of the method described in category 2 is the 24 hour Diary Pain 
Severity Record. This methodology is typically used to monitor the pain 
suffered by a patient over a period of 24 hours and as such is often used to 
complement the "snap shot" approach of the Ritchie and HAQ methods. The 
24 hour Diary method involves the patient describing the pain level and is 
therefore highly subjective. The most commonly used scale on which to assess 
pain, particularly when applied to Rheumatoid Arthritis sufferers, is the Likert 
Scale. This is an adjectival scale consisting of 5 categories: 

no pain, mild pain, moderate pain, severe pain, very severe pain 

The patient then records in the diary the category of pain which they feel is 
most descriptive of their pain situation. 
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Problems with The Prior An 

Methods for monitoring the condition of a patient which rely on the clinician 
conducting an examination of a patient or volunteer, such as the Ritchie method 
for assessing the discomfort level of Rheumatoid Arthritis sufferers, provide an 
5 accurate measurement of pain at that instant in time. However, this method 
provides only a "snap shot" of the discomfort which the patient has been 
suffering, and it is possible that this "snap shot" does not provide an accurate 
picture of the patient's symptoms. 

For instance, the Ritchie method involves the clinician exerting pressure onto 
10 the joint area. It is probable that each clinician will apply differing amounts of 
pressure to the joint areas, and as such results can only be accurately compared 
between examinations performed by the same clinician. 

Furthermore, examination methods such as the Ritchie method are susceptible 
to human error, that is to say that the same clinician may not apply the same 
15 degree of pressure to the patient's joints on each examination of the patient. 

In addition, examination methods such as the Ritchie method may not locate the 
area of the patient's body actually causing most pain. As a result the 
examination will not pin-point the extent of the patient's symptoms. 

Furthermore, the results of a one-off test, such as the Ritchie test will depend 
20 both on the type and extent of activity the patient has been partaking in prior 
to the examination. In addition, external factors such as the ambient conditions, 
the time of day are likely to affect the results. 

Interview methodologies such as the HAQ method are based on the patient 
recounting the disability they have experienced during the period prior to the 
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interview. 



5 



15 



Such interview methodologies are prone to problems of inaccurate recollection. 

A further problem with the interview methodologies is that the questions are 
often very specific, and it may well be the case that the patient suffers most 
disability for an activity which the questionnaire does not cover. 



The 24 hour diary method provides a more complete picture of the patient's 
symptoms. However, it is time consuming for the patient to complete the diary 
and also requires the patient to remember to fill in the diary at the specified 
time. In addition, it is likely that the patient may forget to maintain the diary, 
10 or worse,. to fill it in retrospectively. 

Furthermore, the patient must record not only the level of discomfort felt at the 
specified time, the patient must also record and describe his/her activity during 
the previous period. Accurate recording of such information is open to errors 
as degree of exertion is difficuh to quantify accurately. 



It is therefore an object of the invention to provide an accurate and preferably 
continuous record of an individual's activity, and to relate that information to 
an individual's own assessment of a subjective parameter such as pain, in such 
a fashion that will avoid for example the inaccuracies of infrequent 
examinations and questionnaires. 

20 It is a further object of the invention to reduce the reliance on examination 
methods to monitor a subjective parameter such as patient pain and discomfort 
level, and in addition to avoid the errors which are inevitable when 
examinations are conducted by different clinicians/therapists. 
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It is a further object of the invention to accurately and objectively record a 
user's activity and the time of activity. 

It is a further object of the invention to provide a subjective means for recording 
a subjective parameter, such as pain level, and to relate that subjective 
5 parameter accurately to an objective activity record. 

It is a further object of the invention to provide a device which is simple and 
quick to use, and in addition which prompts a user at predetermined intervals 
to enter subjective information. 

It is a further object of the invention to provide a sensing means which 
10 quantifies the degree of exertion involved in the activity as well as defining the 
actual activity itself. 

According to a first aspect of the invention there is provided a portable device 
for sensing and recording parameters relating to the well-being of a user which 
comprises: 

15 at least one sensing means functionally coupled to a recording means whereby 
information from said sensing means can be recorded on said recording means; 
at least one input module adapted to allow said user to enter subjective 
information which information is also recorded on said recording means and 
further wherein said recording means is adapted such that said information can 

20 be selectively recalled when required. 

In a preferred embodiment of the invention said input module is removable. 

In a preferred embodiment said sensing means continuously monitors the 
activity of said user. 
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In a preferred embodiment of the invention said sensing means comprises at 
least one posture sensing means, but preferably at least two posture sensing 
means. One of said two posmre sensing means is preferably positioned on the 
trunk of the patient, the other posture sensing means is preferably positioned on 
the thigh, so that in combination, said posture means enables a clinician to 
determine the patient's activity, ie lying, standing, sitting. Preferably, at least 
one of said posture sensing means comprises a mercury column. 

In a further embodiment of the invention said sensing means comprises at least 
one acceleration/deceleration detecting means, which preferably comprises a 
piezo-electric crystal. 

In a further embodiment of the invention said sensing means comprises a heart 
beat detecting means. 

In a further embodiment of the invention there is a facility which intermittently 
prompts the user to enter said subjective information into said input module. 
Preferably further still said facility is programmable so as to prompt a user at 
preselected time intervals. Preferably, said facility includes an audible alarm. 

In a further embodiment of the invention said input facility includes a manual 
inputting means, preferably a thumb-wheel switch including a graduated scale. 

More preferably still, said invention includes an event button which a user can 
press to record an event such as a fall or an attack of angina, or indeed any 
other event. 

In a preferred embodiment said recording means comprises a microprocessor, 
for example a PSION Series 3. Preferably said recording means also includes 
said recall means. 
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In a preferred embodiment said input module is functionally coupled to said 
recording means via an interface module. 

More preferably still, a display means is provided for the purpose of displaying 
said information. 

5 Ideally said invention further includes a disabling means which disables the 
device when a user is sitting or lying, and preferably also a monitoring means 
is also provided to periodically check whether the user has resumed activity, and 
if so to reactivate the device. 

In a second aspect of the invention there is provided a method for sensing and 
10 recording parameters relating to the well-being of user, which comprises: 

sensing a user's activity using a sensing means and recording said activity on 
a recording means functionally coupled thereto; 

entering subjective information in to at least one input module which 
information is also recorded on said recording means; and 

15 selectively recalling said recorded information 21s required. 

Preferably said information is also displayed, after recall, for the purpose of 
assessment. 

Diagrams 



20 



The invention will now be described by way of example only with reference to 
the following Figures, wherein: 
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Figures 1 and 2 show the invention as worn by the user. 

Figure 3 is a diagrammatic representation of an embodiment of the invention. 

Figures 4 to 9 show recordings taken using the device. 

Figure 10 shows a graph illustrating that the device of the invention can be used 
5 to measure energy used during activity. 

Figure 1 1 shows the relationship of pain scoring to activity during a day when 
the invention is in use. 

Tables 1 to 4 show validation data relating to the device of the invention. 

Table 5 shows a table containing some of the results from a typical 24 hour trial 
10 obtained from using the invention. 

Figures 1 and 2 show two views of the invention as worn by a user. Figure 1 
shows the recorder (1) as worn around the waist of the user. The posture 
sensing means are shown on the trunk (2) and on the thigh (3). The 
accelerating means (4) is also shown positioned on the trunk of the user 
15 adjacent the posture sensing means beneath the posture sensing means. 

Referring to Figure 3 there is shown a diagrammatic representation of an 
embodiment of the invention. The left hand side of Figure 3 depicts the sensing 
means (5) of the invention. The sensing means consists of at least one, and 
preferably two, posture sensing means which typically contains a mercury 
20 column. 



In use, one of the posture sensing means is positioned on the trunk of the user 
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and another posture sensing means is positioned on the thigh of the user. In 
addition to, or alternatively, the sensing means may include an 
acceleration/deceleration sensing means, and/or may include a heart beat sensing 
means. 

5 The sensors are encapsulated in silicone rubber compound for their protection 
and the patient's comfort, and are attached to the skin using an adhesive film. 

The sensing means (2, 3) are shown in Figure 3 connectively coupled to an 
input module (6) which is shown in the centre of the Figure. The input module 
is cormectively coupled to an interface module (7) which is in turn connectively 
10 coupled to the recording means (8). It can thus be seen that all components are 
connected in series. Figure 3 also demonstrates the flexibility of the invention, 
in that if desired, the sensing means (5) can be connectively coupled directly to 
the interface module (7), so bypassing the input module. 

The input module (6) is shown in the centre of Figure 3. The input module 
15 includes typically a graduated thumb wheel switch which the user operates to 
enter subjective information, such as pain assessment. 

The recording means (8) is shown in the right hand side of Figure 3 and is 
shown as a PSION Series 3 microprocessor. In the case of the PSION 
microprocessor this recording means also includes a recall means. 

20 More specifically the components of the device are as follows. 

Position Sensing (2, 3) - The patient's position is detected by two sealed 
mercury switches, which close a circuit if they are within 45'' of the vertical 
position. One switch is attached to the chest over the sternum and the other to 
a thigh. The state of these two switches gives an indication of overall position 
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divided into three categories: standing (chest and thigh vertical), sitting (chest 
vertical and thigh horizontal) and lying (chest and thigh horizontal), 

Accelerometer (4) - During periods of standing the patient's activity is 
monitored by an accelerometer, sensitive to vertical motion, attached to the 
patient's chest, the output of the accelerometer allows period of walking and 
individual steps to be identified, and gives an indication of walking vigour. It 
is made from a horizontally mounted piezo electric element weighted at one end 
and fixed at the other. This has voltage output which is proportional to the rate 
of change of acceleration. The piezo element output is buffered by a pre- 
amplifier mounted within the sensor assembly. 

Interface Module (7) - The sensors are connected to the microcomputer via an 
interface module. This communicates with the computer via a high speed serial 
data link, and contains electronic circuits to process accelerometer signal and 
combine it with the switch information. The interface module is adapted for the 
Psion RS-232 link module. 

The analogue signal from the accelerometer is integrated, to convert it to tme 
acceleration, low pass filtered at lOHz to remove unwanted high frequency 
information, amplified then digitised at a sampling rate of 20Hz. The amplifier 
gain is adjusted so that the output of the 8 bit digitiser, with a range of 0 to 
255, corresponds to an acceleration of approximately -10 to +10m/s-, negative 
representing an acceleration upwards. 

Computer (8) - This is a standard Psion Series 3. Data is stored in removable 
'Solid State Disks' (SSD), a typical day's recording requiring about 500k bytes. 
A single recording session generates three or more data files. All the files have 
an identical plain text header containing a unique machine identification code, 
the patient identification code and the date and time of recording start. 
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First is a record file, containing position changes and the time of day they 
happened, the number of samples of accelerometer data recorded for each period 
of standing, and total time spent in each position. 

Second is a sample file containing a string of bytes being the 20Hz sampled 
5 accelerometer data. 

Third is a patient input file, containing the setting of the numbered switch for 
each of the half hour time slots during the day. 

During monitoring the current position, time, and accumulated times spent in 
each position are displayed. If subjective information is required from the 

10 patient, an alarm sounds at appropriate intervals, usually half hourly. To 
conserve the batteries when recording for periods longer than 24 hours the 
system switches itself off when the patient is sitting or lying, and hence 
accelerometer information is not being sampled During these periods the 
machine switches on briefly every ten seconds to check whether the patient's 

15 position has changed. The positional information will therefore have a time 
resolution of ten seconds when used in this mode. 

Analysis 

The positional data (stand, sit, lie) are reorganised into time periods. The 
duration and the start time of these periods could be selected in the range 1 

20 minute to 360 minutes, the accelerometer record was analysed to detect the 
occurrence and amplitude of steps. These were also analysed in the time 
periods as a count and mean (with standard deviation) respectively. Step 
detection relied on the recording of the vertical impulse at heel strike by the 
accelerometer mounted on the sternum. The following mles were used to detect 

25 the impulse. 
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1. The peak must exceed a given threshold level, peaks below this level 
were assumed due to background noise. 

2. The acceleration data must return to values below the threshold after the 
peak. 

5 3. In the event of detecting more than one peak prior to return to threshold, 
the larger peak was recorded. 
4. No two impulses could occur less than 0.3 seconds apart, this prevented 
the double counting in the event of high levels of noise but did impose 
a maximum cadence of approximately 3 steps per second. The threshold 
10 and the minimum time between steps could be adjusted by the user, 

however the default values of 136 and 0.3 seconds respectively were 
found to be robust in validation studies with the patient group. 



A variety of displays were available, the data could be visualised over 24 hours, 
5 hours, 15 minutes or 50 seconds. In each case the position was represented 

15 by a line against either stand, sit or lie and steps were represented by dots 
plotted as amplitude against time. In the case of the 50 second display the 
acceleration trace was also shown allowing the user to inspect the outcome of 
the automatic step detection. In addition, a summary table could be generated. 
This could either be printed or exported as a comma separated value (CSV) file. 

20 The exported file was compatible with a variety of spreadsheet and graphics 
packages which allowed for further analysis and display of the data. 

Another way of viewing the data contained in the program is as a histogram of 
step number against amplitude. The number of times the accelerometer reaches 
the extreme of its movement is counted prior to analysis, as a high frequency 
25 may indicate a problem with the accelerometer or a broken wire. 
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Results 

Figure 4 shows a sample recording from the machine: A fifty second period out 
of a twenty-four hour recording, showing the change in posture from lying to 
sitting, to standing still, walking slowly and walking more briskly. 

5 Figure 5 shows a typical 24 hour recording in 24 hour summary with each dot 
representing a step, the further away from the base line, the greater the 
amplitude. A typical day's activity and night lying is shown. 

Validation Against Observation 

The machine was worn while the subject walked fifty paces briskly. The 
10 recording of this is shown in Figure 6 and again shows good agreement with the 
activity undertaken. More realistic spontaneous activity was undertaken wearing 
the machine and the activity recorded on video. The video was then observed 
by two independent observers and the activity, in terms of steps, counted. 
These were then compared with each other and with the recording, and the 
15 results are summarised in Table I, There was as much variation between the 
observers as there was between either observer and the recording. Ninety-five 
percent limits of agreement was within ten steps and similar to the agreement 
between observers. There was no systematic error detected. 

Validation - Agreement between machines 

20 Two separate machines were worn simultaneously by the same person over the 
same period of time. Figure 7 shows the similarity of the traces. Table II 
compares the amplitude recorded of the activity from two machines from two 
such simultaneous recordings and one recording of three machines with sensors 
applied adjacent each other. Ninety-five percent limits of agreement are within 
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3.2 amplitude units which represents a maximum 7% error at typical activity 
level. 

Size of Recording 

The amount of activity in a recording is in practice without limit and can vary 
from 24 hours rest through to heavy physical activity all day. A maximum of 
72 hours continuous recording without change of batteries is possible. 

Tolerabilitv 

We have now used the machine in more than 150 individual recordings of 
twenty-four hours or greater, and discomfort from wearing the machine was 
only complained of by two people. The weight of the machine at 600 g is of 
no limit to activity, and with the exception of getting wet, normal activity is 
possible. In the event that the device is to be used in instances where an 
individual can expect to get wet the device can be modified to be either be 
enclosed in a waterproof wallet, or altematively, it can be made of waterproof 
materials, or substantially waterproof materials so that the outer-shell of the 
device prevents penetration of water. 

Calibration of Energy Measurement 

The product of number and average amplitude of steps for a period of time 
should reflect the energy used for physical activity during that period. We have 
calibrated this for treadmill activity in metabolic equivalents (METS) on 15 
patients who wore the monitor whilst undergoing a Bruce protocol exercise test 
for suspected angina. The subjects were of varied height (1.69 ± 0.11m), 
weight (74.4 ± 14.3 kg) and age (57.7 ± 12.3 yrs). Results were analysed as 
energy output per minute, and plotted against the METS for each completed 
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Stage. These results are shown in Figure V and show a very good linear 
correlation (r=0.98). 

Usefulness 



Week-to-week variation was assessed in a variety of normal subjects and 
5 rheumatoid arthritis patients. The machine was wom for the same period of the 
week on two consecutive weeks by nine different subjects. The results were 
summarised for 24 hours and are displayed in Table III. Energy expenditure 
between recordings was within 80% agreement. Day-to-day variation was 
assessed by recording subjects for 48 hours continuously. The first 24 hours 
10 was compared to the second. This was done for eight subjects and the results 
are sunmiarised in Table IV. Agreement was around the 72% mark. These 
results show reasonable similarity of activity, week-to-week and day-to-day. 



Assessing Disability 



In order to assess activity in people with disability, energy output was measured 
15 over 24 hours in normals and compared with that of patients with mild 
rheumatoid arthritis defined as HAQ between 0.5 and 1.5, and those with severe 
rheumatoid arthritis defined as HAQ between 2 and 3. The results are displayed 
for average amplitude of step in Figure 8 and for energy use in Figure 9. As 
can be seen the normals were more active than the mild rheumatoid arthritis, 
20 who were more active than the severe rheumatoid arthritis. There was no more 
variation in energy use of the normals than the rheumatoids. 

Referring to Table 5 there is shown a table containing some of the results from 
a typical 24 hour trial recorded using the invention. The trial is divided into 24 
one hour monitoring periods. 
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The left hand side of the table contains the data obtained from the sensing 
means. The right hand side of the table contains further information resulting 
from computations based on the data from the sensing means. 

The first column on the left hand side of the table contains the stan time of 
each monitoring period. The duration of each monitoring period is one hour 
(3600 seconds) as shown in the second column of the table. 

The third, fourth and fifth columns contain the time spent lying, sitting or 
standing respectively, during each one hour monitoring period. 

The sixth column records the number of steps taken by the user during each one 
hour monitoring period and the seventh column records the statistical mean 
amplitude of the steps taken during the monitoring period, together with the 
standard deviation in the eighth column. 

Columns 7 to 14 contain further infomiation which has been generated by 
computation from the basic information obtained from the sensing means. 

For example the twelfth column from the left contains the statistical mean of the 
time interval between steps taken during each one hour monitoring period. 

Correlating Pain with User Activitv 

In order to assess the usefulness of the invention in determining a correlation 
between user activity and pain a plot was made of user activity during a single 
day with a plot of recordings relating to subjective user pain assessment. 



It can be seen in Figure 1 1 that during the start of the day the user recorded 
relatively high levels of subjective pain assessment and correspondingly, user 
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activity was low. As the day progressed the user's perception of pain declined 
and as this happened there was marked increase in user activity. Interestingly, 
the user's assessment of objective pain declines throughout day, however a peak 
in this decline is matched with a peak in activity, possibly indicating that the 
5 increased activity may be responsible for the temporary increase in recognition 
of subjective pain. 

The data in Figure 1 1 thus shows that the invention can be used not only to 
record user activity but also to correlate this activity with the user's perception 
of well being. 

10 It is envisaged that different and more subtle analysis will be appropriate to 
different monitoring situations. 

It can therefore be seen that the invention concerns the provision of a device 
adapted to measure chronically, and if preferred, continuously the well-being of 
. an individual so that small or gradual or otherwise imperceptible or difficult to 
15 detect changes can be detected and monitored. 
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CLAIMS 

1. A portable device for sensing and recording parameters relating to the 
well-being of the user which comprises: at least one sensing means functionally 
coupled to a recording means whereby information from said sensing means can 

5 be recorded on said recording means; at least one input module adapted to allow 
said user to enter subjective information which information is also recorded on 
said recording means and further wherein said recording means is adapted such 
that said information can be selectively recalled when required. 

2. A device according to claim 1 wherein said input module is removable. 

10 3. A device according to claims 1 or 2 wherein said sensing means 
continuously monitors the activity of said user. 

4. A device according to any preceding claim wherein said sensing means 
comprises at least one posture sensing means. 

5. A device according to claim 4 wherein said posture sensing means 
15 comprises a gravity detecting means. 

6. A device according to claims 4 or 5 wherein two sensing means are 
provided. 

7. A device according to claims 4 to 6 wherein said sensing means is 
adapted to be attached to the body of a user. 



8. A device according to claims 4 to 7 wherein said sensing means 
comprises a mercury column. 
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9. A device according to any preceding claim wherein said sensing means 
further comprises at least one acceleration/deceleration detection means. 

10. A device according to claims 1 to 3 wherein said sensing means 
comprises at least one acceleration/deceleration detection means. 

5 11. A device according to claims 9 or 10 wherein said detection means 
comprises a piezo-electric crystal. 

12. A device according to any preceding claim wherein said device further 
comprises a heart rate detector. 

13. A device according to claims I to 3 wherein said sensing means 
10 comprises a heart rate detector. 

14. A device according to any preceding claim which includes a prompt 
facility that is adapted to intermittently prompt the user. 

15. A device according to claim 14 wherein said prompt facility is 
programmed so as to prompt a user at preselected time intervals. 

15 16. A device according to claims 14 and 15 wherein said prompt facility 
includes an alarm device. 

17. A device according to any preceding claim wherein said input module 
comprises graduation means whereby a user can input the magnitude of 
subjective information. 

20 18. A device according to any preceding claim which includes an event 
button which a user can press to record an event. 
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19. A device according to any preceding claim which includes a display 
means for displaying said information. 

20. A device according to any preceding claim which includes a disabling 
means adapted to disable the device when a user is stationary for a 

5 predetermined length of time. 

21. A device according to claim 20 wherein said disabling device also 
includes a monitoring means adapted to periodically check whether the 
individual is stationary, and if not, to reactivate the device. 

22. A method for sensing and recording parameters relating to the well-being 
10 of a user which comprises: sensing a user's activity using a sensing means and 

recording said activity on a recording means functionally coupled thereto; 
entering subjective information into at least one input module which information 
is also recorded on said recording means; and selectively recalling said 
recording information as required. 
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